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Four grades of treated and untreated papers were subjected to acceler-
ated aging by the Library of Congress. Aging periods were 0, 3, 6, 10,
13, 17, 24, and 30 days.
The samples were then tested at the Institute of Paper Science and
Technology for MIT folding endurance, tensile strength, stretch, tensile
energy absorption, tensile stiffness, zero-span tensile strength,
internal tear resistance, cold extract pH, alkaline reserve, hot alkali
solubility, viscosity, brightness, opacity, and L a b color.
The individual test results for each aging period are given in Progress
Reports One through Eight. This Summary Report includes averages and
standard deviations for each property and aging period, plots of each
property versus aging time, and calculated degradation rates.
SAMPLES
Samples submitted by the Library were identified as:
ARC-3 CSC-3 NPC-3 ASC-3
ART-3 CST-3 NPT-3 AST-3
In the samples codes, the first two letters identify the grade of paper,
(AR = alum rosin sized paper CS = Clear Spring Offset)
(NP = newsprint AS = alkaline sized paper)
the third letter indicates either a Control or Treated sample, and the




The procedure used for performing each of the test types was:
1. MIT fold endurance (TAPPI T511 tested with 1 kg tension)*
2. Tensile properties (TAPPI T494)
3. Zero-span tensile (TAPPI T231)
4. Internal tear resistance (TAPPI T414)
5. Cold extract pH (TAPPI T509)
6. Alkaline reserve (ASTM D4988)
7. Hot alkali solubility (TAPPI T212)
8. Viscosity (TAPPI T230)
9. Brightness (TAPPI T452)
10. Opacity (TAPPI T425)
11. L, a, b color (TAPPI T524)
* An addendum to this report will be published reporting folding
endurance results for tests made with 1/2 kg tension.
TEST RESULTS
The averages and standard deviations for each test type are given in
Tables I through XXIII, and plots of each test type versus aging
time is shown in Figs. 1 through 23. Calculated regression lines
for the control and treated samples are shown in each figure.
Statistics for the regression lines, including the coefficient
(degradation rate) are given in each Table.
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Folding endurance values in Tables I and II are reported as the number
of double folds. Plots of these data are not linearly related to
aging time. Hence, the plots (Figs. 1-AR, 1-CS, 1-NP, 1-AS, 2-AR,
2-CS, 2-NP, and 2-AS) show aging time plotted against log fold.
The regression statistics in Tables I and II are also based on log fold.
The regression lines for the alkaline reserve data (Fig. 21) suggest
a gradual increase for the treated samples. However, there is
sufficient noise in the repeatability to conclude that there is no
difference in alkaline reserve between the beginning and end of the
aging time.
The viscosity results suggest a gradual non-linear decrease in viscosity
of the pulps of both treated and control samples. This is troublesome
even though the treated samples appear to equilibrate at a higher
viscosity. Viscosity is, by the nature of the measurement, confounded
under the best of circumstances. We recommend that a small set of
samples be analyzed over time to determine if there is a decrease in



















































































-0.025 -0.065 -0.026 -0.053
0.0692 0.1100 0.0031 0.0022










































































































0 5 10 15 20 25 30
Aging Time, days
-- Control -- Treated









0 5 10 15 20 25 30
Aging Time, days
-- Control -- Treated




5 10 15 20 25 30
Aging Time, days
-- Control -eTreated
Fig. 1-NP Affect of Aging Time on log MD Folding Endurance.
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Fig. 2-AS Affect of Aging Time on log CD Folding Endurance.
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TABLE III
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Fig. 4-NP Affect of Aging Time on CD Tensile Strength.
Alkaline Sized Paper
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MD STRETCH DATA (%)
Test





























1.64 1.71 1.64 1.31 1.24 1.95 2.21
0.18 0.08 0.11 0.09 0.10 0.49 0.05
1.52 1.56 1.66 1.10 1.21 2.05 2.11
0.15 0.13 0.11 0.20 0.09 0.10 0.08
1.58 1.56 1.60 1.16 1.19 2.16 2.06
0.10 0.06 0.10 0.08 0.11 0.08 0.11
1.45 1.40 1.53 1.08 1.15 2.03 2.09
0.12 0.08 0.13 0.11 0.12 0.07 0.07
1.43 1.27 1.52 1.00 1.12 1.97 2.01
0.09 0.10 0.13 0.11 0.13 0.14 0.09
1.45 1.17 1.48 0.92 1.13 2.03 2.05
0.06 0.11 0.06 0.08 0.09 0.10 0.13
1.40 1.04 1.44 0.87 1.07 1.98 2.04





0.90 0.96 1.99 2.03
0.09 0.16 0.09 0.10
REGRESSION STATISTICS
R Squared 0.889 0.850 0.972 0.964 0.818 0.943 0.080 0.534
Coefficient
Std Err
-0.023 -0.009 -0.026 -0.011 -0.013 -0.008 -0.002 -0.004
0.0033 0.0016 0.0018 0.0008 0.0025 0.0008 0.0025 0.0017
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Fig. 5-NP Affect of Aging Time on MD Stretch.
Alkaline Sized Paper
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Fig. 7-NP Affect of Aging Time on MD Tensile Energy Absorption.
Alkaline Sized Paper
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Fig. 9-CS Affect of Aging Time on MD Tensile Stiffness (Et).
I

















Fig. 9-NP Affect of
10 15 20 25 30
Aging Time, days
-- Control -0Treated
Aging Time on MD Tensile Stiffness (Et).
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CD TENSILE STIFFNESS DATA (kN/m)
Aging
Time, Test
days No. ARC ART CSC CST NPC NPT ASC AST
0 Average 263 266 339 330 95 95 396 410
Std Dev 11 13 18 17 3 5 17 17
3 Average 257 268 335 348 94 96 368 406
Std Dev 9 7 24 12 3 3 9 11
6 Average 264 277 337 344 98 95 371 413
Std Dev 12 18 18 18 4 3 7 12
10 Average 269 268 346 345 95 98 372 382
Std Dev 10 7 10 15 2 3 11 16
13 Average 269 275 341 348 101 100 383 391
Std Dev 9 10 24 14 3 4 4 14
17 Average 281 277 337 355 105 94 372 413
Std Dev 7 10 16 14 9 5 14 13
24 Average 269 279 347 347 100 94 371 409
Std Dev 8 6 16 18 8 3 8 13
30 Average 277 276 358 343 104 97 388 417
Std Dev 13 13 18 22 5 5 9 11
REGRESSION STATISTICS
R Squared 0.570 0.530 0.646 0.154 0.640 0.000 0.000 0.061
Coefficient 0.555 0.350 0.582 0.268 0.327 -0.000 0.019 0.292
Std Err 0.1967 0.1347 0.1758 0.2568 0.0999 0.0805 0.3962 0.4663
269 335 342 95
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Constant 261 96 378 401
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Alum Rosin Sized Paper
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Fig.10-NP Affect of Aging Time on CD Tensile Stiffness (Et).
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Fig.12-AS Affect of Aging Time on CD Tear Resistance.
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TABLE XIII
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7~~~~ ~ ~~~ -------------- 1 ---- 1 ---- 1 ---- IIII
10 15
Aging Time, days
-- Control -- Treated
Fig.14-AS Affect of Aging Time on CD Zero-Span Tensile Strength.
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days No. ARC ART CSC CST NPC NPT ASC AST
0 Average 85.9 88.9 93.1 94.3 88.3 88.6 94.0 94.1
Std Dev 0.7 0.5 0.3 0.5 0.7 0.4 0.2 0.1
3 Average 87.7 88.9 94.1 94.2 89.6 90.2 94.1 94.4
Std Dev 1.3 1.0 0.6 0.3 0.9 0.5 0.3 0.3
6 Average 89.3 89.0 93.5 93.8 90.8 90.5 93.7 94.0
Std Dev 0.8 0.6 0.3 0.5 0.6 0.7 0.2 0.4
10 Average 87.8 90.1 94.1 94.1 90.8 90.7 94.0 94.4
Std Dev 1.2 0.7 0.6 0.5 0.8 0.6 0.2 0.4
13 Average 89.4 90.8 94.4 95.1 91.4 92.0 94.2 94.0
Std Dev 0.8 0.5 0.5 0.3 0.5 0.5 0.3 0.3
17 Average 88.1 90.8 94.7 94.0 92.9 90.4 94.1 94.8
Std Dev 1.2 0.4 0.3 0.4 0.3 1.0 0.3 0.2
24 Average 90.8 91.0 95.3 95.2 91.4 91.9 94.6 95.4
Std Dev 1.4 0.5 0.3 0.2 0.4 0.3 0.4 0.2
30 Average 91.7 92.3 95.1 95.3 92.4 93.3 95.1 95.4
Std Dev 0.8 0.5 0.3 0.3 0.5 0.3 0.2 0.2
REGRESSION STATISTICS
R Squared 0.755 0.922 0.824 0.537 0.667 0.769 0.749 0.738
Coefficient 0.153 0.113 0.066 0.043 0.117 0.120 0.037 0.048
Std Err 0.0357 0.0134 0.0124 0.0163 0.0338 0.0269 0.0088 0.1169
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Fig.15-AR Affect of Aging Time on Opacity.
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Fig.16-NP Affect of Aging Time on Brightness.
Alkaline Sized Paper
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Fig.17-AS Affect of 1
N
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0.35 -0.04 -0.02 2.09 1.94 -0.31 -0.27
0.06 0.06 0.25 0.11 0.13 0.04 0.04
0.29 0.25 0.13 3.20 2.79 -0.16 -0.18
0.08 0.11 0.05 0.11 0.15 0.04 0.03
0.85 0.96 0.73 4.20 3.86 0.46 0.43
0.09 0.09 0.22 0.15 0.16 0.03 0.04
0.92 1.20 1.01 4.69 4.04 0.53 0.51
0.07 0.10 0.10 0.28 0.28 0.03 0.03
0.91 1.30 0.98 4.86 3.99 0.57 0.49
0.07 0.10 0.10 0.45 0.21 0.04 0.04
0.96 1.46 0.91 5.27 4.57 0.62 0.59
0.05 0.09 0.17 0.28 0.16 0.04 0.06
1.07 1.56 1.01 5.54 4.73 0.57 0.54
0.05 0.07 0.16 0.22 0.26 0.10 0.06
1.23 1.84 1.25 5.84 4.87 0.76 0.70




0.843 0.777 0.828 0.699 0.818
0.036 0.028 0.057 0.036 0.110
0.777 0.647 0.648
0.086 0.030 0.028
Std Err 0.0064 0.0061 0.0106 0.0098 0.0212 0.0188 0.0091 0.0085























Fig.18-AR Affect of Aging Time on Color (a).
-0.5-
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Fig.18-NP Affect of Aging Time on Color (a).
Alkaline Sized Paper
^^^---------
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days No. ARC ART CSC CST NPC NPT ASC AST
0 Average 2.19 2.07 2.83 2.78 10.76 9.76 4.25 4.28
Std Dev 0.19 0.08 0.04 0.21 0.80 0.14 0.04 0.07
3 Average 4.62 4.60 4.46 4.19 11.87 11.45 4.70 4.94
Std Dev 0.06 0.30 0.03 0.04 0.38 0.12 0.05 0.10
6 Average 5.31 5.34 5.18 4.77 12.89 12.65 4.86 5.05
Std Dev 0.21 0.23 0.18 0.08 0.11 0.33 0.03 0.14
10 Average 6.50 6.51 6.43 5.84 14.26 13.32 5.12 5.54
Std Dev 0.12 0.33 0.21 0.05 0.15 0.41 0.04 0.24
13 Average 7.48 7.75 7.16 6.37 14.40 13.91 5.37 5.85
Std Dev 0.22 0.33 0.08 0.09 0.28 0.30 0.03 0.02
17 Average 8.17 7.94 8.08 7.17 15.56 15.03 5.67 5.92
Std Dev 0.46 0.31 0.14 0.18 0.10 0.10 0.07 0.42
24 Average 9.77 9.33 9.81 8.60 16.02 15.63 6.65 7.36
Std Dev 0.23 0.46 0.11 0.15 0.26 0.10 0.19 0.42
30 Average 9.54 9.95 10.48 8.75 16.67 16.17 6.50 7.26
Std Dev 0.34 0.33 0.06 0.19 0.11 0.06 0.03 0.21
REGRESSION STATISTICS
R Squared 0.894 0.903 0.973 0.954 0.919 0.909 0.953 0.949
Coefficient 0.236 0.239 0.250 0.198 0.192 0.200 0.080 0.102
Std Err 0.0331 0.0320 0.0170 0.0179 0.0233 0.0258 0.0073 0.0096




5 10 15 20 25
Aging Time, days
-- Control -eTreated









































0 5 10 15 20 25
Aging Time, days
-Control -- Treated




-- Control - Treated
























































































































































-0.037 -0.038 -0.043 -0.047
0.0093 0.0117 0.0091 0.0119








































Project 3875 -62- Summary Report
Alum Rosin Sized Paper
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Fig.20-AR Affect of Aging Time on Hydrogen ion Concentration (pH).
- Clear Spring Offset
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ALKALINE RESERVE DATA (% CaCO3)
Test


















































































R Squared 0.360 0.299 0.191 0.455 0.062 0.125 0.057 0.529
Coefficient 0.003 0.011 0.005 0.007 -0.001 0.006 -0.002 0.013
Std Err 0.0018 0.0067 0.0042 0.0032 0.0019 0.0063 0.0035 0.0051
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TABLE XXII
1% NaOH SOLUBILITY DATA (%)
Aging
Time, Test
days No. ARC ART CSC CST NPC NPT ASC AST
0 Average 16.04 15.87 7.71 9.82 4.14 7.75 15.25 14.47
Range 0.66 1.48 0.59 1.00 1.66 0.60 0.09 0.42
3 Average 17.07 16.60 10.67 8.93 7.36 7.79 15.76 15.87
Range 0.83 0.12 0.92 0.10 0.08 0.10 0.31 0.20
6 Average 17.64 17.74 11.55 9.93 10.13 11.21 16.36 16.47
Range 0.26 0.16 0.50 0.82 0.56 0.26 0.07 0.24
10 Average 19.40 18.98 11.68 12.33 12.03 9.78 15.80 15.61
Range 0.32 0.21 0.29 0.03 2.84 1.13 0.76 0.29
13 Average 19.48 19.05 13.21 11.72 13.38 11.11 15.45 15.40
Range 0.10 0.46 0.25 0.24 1.06 0.76 0.17 0.16
17 Average 19.28 18.20 14.27 11.30 12.21 9.88 15.71 15.98
Range 0.05 0.39 0.33 0.13 1.16 1.72 0.14 0.03
24 Average 20.35 20.39 15.42 12.59 14.43 12.97 16.38 16.48
Range 0.03 0.05 0.26 0.08 0.06 1.69 0.07 0.04
30 Average 21.20 20.45 17.05 13.33 17.19 15.39 16.60 16.41
Range 0.31 0.15 0.48 0.04 1.40 0.26 0.14 0.10
REGRESSION STATISTICS
R Squared 0.892 0.840 0.936 0.766 0.860 0.811 0.451 0.391
Coefficient 0.158 0.146 0.274 0.130 0.368 0.223 0.031 0.041
Std Err 0.0224 0.0260 0.0292 0.0294 0.0606 0.0440 0.0141 0.0210
Constant 16.77 16.53 9.16 9.57 6.63 7.86 15.51 15.30







Fig.22-AR Affect of Aging Time on 1% NaOH Solubility.
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Fig.22-AS Affect of Aging Time on 1% NaOH Solubility.
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TABLE XXIII
VISCOSITY DATA (mPa.s)























4.71 7.75 9.03 3.35
0.09 0.15 0.02 0.17
4.43 6.33 7.86 2.79
0.02 0.08 0.02 0.02
4.14 5.54 7.02 2.43
0.04 0.03 0.00 0.04
3.80 4.72 6.23 2.64
0.02 0.07 0.12 0.01
4.15 4.33 5.73 2.40
0.05 0.31 0.03 0.02
3.43 3.93 4.71 2.21
0.01 0.02 0.13 0.01
3.30 3.71 4.61 2.19
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